BACKGROUND: Soluble fibrin monomer complex (SFMC) is a biomarker of fibrin formation abnormally elevated in clinical situations of hypercoagulability. OBJECTIVE: We investigated the association and predictive performance of SFMC for stroke, adverse cardiovascular events, cardiovascular mortality and all-cause mortality in a cohort of patients with atrial fibrillation (AF) receiving vitamin K antagonist (VKA) anticoagulant therapy. DESIGN: During the second semester of 2007, we included 1226 AF outpatients stable on VKAs (INR 2.0-3.0) over a period of 6 months. SFMC levels were assessed at baseline. During 6.5 (IQR 4.4-8.0) years of follow-up, we recorded all ischemic strokes, adverse cardiovascular events (composite of stroke, acute heart failure, acute coronary syndrome and cardiovascular death), cardiovascular deaths and all-cause deaths. PARTICIPANTS: All patients were recruited consecutively. We excluded patients with rheumatic mitral valves, prosthetic heart valves, acute coronary syndrome, stroke, hemodynamic instability, hospital admissions or surgical interventions within the preceding 6 months. MAIN MEASURES: SFMC levels were measured in plasma by immunoturbidimetry in an automated coagulometer (STALiatestFM, Diagnostica Stago, Asnieres, France). KEY RESULTS: We recorded 121 (1.52%/year) ischemic strokes, 257 (3.23%/year) cardiovascular events, 67 (0.84%/year) cardiovascular deaths and 486 (6.10%/year) all-cause deaths. SFMC >12 μg/mL was not associated with stroke but was associated with higher risk of cardiovascular events (HR 1.72, 95% CI 1.31-2.26), cardiovascular mortality (HR 2.16, 95% CI 1.30-3.57) and all-cause mortality (HR 1.26, 95% CI 1.03-1.55). When SFMC >12 μg/mL was added to the CHA 2 DS 2 -VASc, there were significant improvements in predictive performance, sensitivity and reclassification for adverse cardiovascular events (c-index: 0.645 vs. 0.660, p = 0.010; IDI = 0.013, p < 0.001; NRI = 0.121, p < 0.001) and cardiovascular mortality (c-index: 0.661 vs. 0.691, p = 0.006; IDI = 0.009, p = 0.049; NRI = 0.217, p < 0.001), but decision curves demonstrated a similar net benefit and clinical usefulness. CONCLUSIONS: In AF patients taking VKAs, high SFMC levels were associated with the risk of adverse cardiovascular events, cardiovascular mortality and all-cause mortality. The addition of SFMC to the CHA 2 DS 2 -VASc score improved its predictive performance for these outcomes, but failed to show an improvement in clinical usefulness.
INTRODUCTION
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and is characterized by a prothrombotic or hypercoagulable state. 1, 2 This state of hypercoagulability during AF causes alterations in hemostasis, with pro-fibrotic and proinflammatory responses in fibroblasts, and various alterations in inflammatory mediators and growth factors. [3] [4] [5] Clinically, AF increases the risk of stroke and all-cause mortality, 6, 7 and the use of biomarkers as risk markers for stroke and bleeding in patients with AF treated with anticoagulants is an issue of continued debate. Several studies in recent years have demonstrated that AF also increases the risk of non-stroke cardiovascular events, including myocardial infarction (MI), heart failure and cardiovascular death. [8] [9] [10] [11] The soluble fibrin monomer complex (SFMC) is a biomarker of fibrin formation, and has been shown to be abnormally elevated in various clinical situations of hypercoagulability, such as deep vein thrombosis (DVT) or disseminated intravascular coagulation (DIC). 12, 13 However, the association between SFMC and cardiovascular events in patients with AF remains uncertain.
In the present study, we investigated the association between SFMC and ischemic stroke, adverse cardiovascular events, cardiovascular mortality and all-cause mortality in a Breal-world^cohort of patients with AF treated with vitamin K antagonist (VKA) anticoagulants. Second, we investigated whether the predictive ability of the CHA 2 DS 2 -VASc score could be improved by the addition of SFMC as a biomarker.
METHODS
We included consecutive outpatients with paroxysmal, persistent or permanent AF from our anticoagulation clinic in a tertiary hospital in Murcia (southeast Spain). From May 1, 2007 , to December 1, 2007, we enrolled all patients stable on VKAs (INR 2.0-3.0) for at least the previous 6 months, to ensure baseline homogeneity of the included cohort. This 6-months period of good anticoagulation control would ensure that the impact of the SFMC was not related to poor anticoagulation control, enabling us to investigate the Breal^effect of this biomarker. Also, to avoid any possible fluctuation in SFMC due to an acute cardiovascular condition, patients who experienced acute coronary syndrome (ACS), stroke, hemodynamic instability, hospital admission or surgical intervention in the preceding 6 months were excluded. Patients with rheumatic mitral valves or prosthetic heart valves were also excluded.
The time in therapeutic range (TTR) was calculated at 6 months after entry, and stroke risk and bleeding risk were assessed using the CHA 2 DS 2 -VASc and HAS-BLED scores.
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Study Outcomes
The primary endpoints of this study were (i) ischemic stroke, (ii) the composite of adverse cardiovascular events including ischemic stroke, acute heart failure, ACS and cardiovascular death, (iii) cardiovascular mortality, and (iv) all-cause mortality. Ischemic stroke was defined as the sudden onset of a focal neurological deficit in a location consistent with the territory of a major cerebral artery resulting from an obstruction documented by imaging, surgery or autopsy. Acute heart failure was defined as a gradual or rapid change in the signs and symptoms of heart failure, resulting in a need for urgent therapy, whereas cardiovascular death was defined as sudden death, death caused by progressive congestive heart failure or fatal MI, or procedure-related death.
The investigators identified, confirmed and recorded all adverse events, and performed follow-up by personal interview at each visit to the anticoagulation clinic and through medical records. No patient was lost to follow-up.
The study protocol fulfilled the ethical standards laid down in the 1964 Declaration of Helsinki and was approved by the ethics committee of the University Hospital Morales Meseguer. All patients gave informed consent to participation in the study.
Blood Samples and Laboratory Analysis
Blood samples were drawn at baseline in an atraumatic manner and without stasis into syringes pre-loaded with trisodium citrate (0.011 M). Platelet-poor plasma fractions were obtained by centrifugation at 4°C for 20 min at 2200×g. Aliquots were stored at −80°C to allow batch analysis. SFMC levels were determined by immunoturbidimetry in an automated coagulometer (STA-Liatest FM, Diagnostica Stago, Asnieres, France). The inter-and intra-assay variation coefficient was <3%, and the lower limit of detection was 0.03 μg/mL.
Statistical Analysis
Continuous variables were tested for normal distribution using the Kolmogorov-Smirnov test, and are expressed as mean ± standard deviation (SD) or median and interquartile range (IQR), as appropriate. Categorical variables are expressed as absolute frequencies and percentages.
The Pearson chi-square test was used to compare proportions. Correlation between SFMC levels and TTR, CHA 2 DS 2 -VASc and HAS-BLED scores was assessed using Spearman's rho, while differences in SFMC levels among patients who suffered an adverse event were assessed using the MannWhitney U test.
Receiver operating characteristic (ROC) curves were used to investigate predictive ability. Comparison of ROC curves was carried out using the method described by DeLong et al. 16 The Youden index was used to determine the SFMC level with the best combination of sensitivity and specificity in order to establish a cut-off value.
Multivariate Cox proportional hazards regression models were used to determine the independent association between SFMC and primary endpoints. Only variables which showed a p value <0.15 in univariate analyses were included in the multivariate analyses. Differences in event-free survival were reflected by Kaplan-Meier curves.
The increment of the predictive performance was tested using the integrated discrimination improvement (IDI) and the net reclassification improvement (NRI) measures, according to the methods described by Pencina et al. 17 The clinical usefulness and net benefit of the original CHA 2 DS 2 -VASc and the modified CHA 2 DS 2 -VASc (after the addition of SFMC) was estimated using decision curve analyses (DCAs). 18, 19 A p value of <0.05 was accepted as statistically significant. Statistical analyses were performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA), MedCalc version 16.4.3 (MedCalc Software bvba, Ostend, Belgium) STATA 12 (StataCorp LP, College Station, TX, USA) and the survIDINRI package for R 3.3.1 for Windows.
RESULTS
We included 1226 patients (49.7% male) with a median age of 76 (IQR 71-81) years. At entry, the median CHA 2 DS 2 -VASc was 4 (IQR 3-5), and the median HAS-BLED was 2 (IQR 2-3). The median baseline SFMC level was 4.9 (IQR 3.2-9.3) μg/mL. A summary of other clinical characteristic is shown in Table 1 .
At the 6-month follow-up, the cohort still demonstrated good anticoagulation control, with a median TTR of 80% (IQR 66-100).
During 6.5 (IQR 4.4-8.0) years of follow-up, we recorded 121 (9.9%, 1.52%/year) ischemic strokes, 257 (21%, 3.23%/year) composite cardiovascular events, 67 (5.5%, 0.84%/year) cardiovascular deaths and 486 (39.6%, 6.10%/year) all-cause deaths.
In terms of SFMC levels, no correlations were found with TTR (rho = 0.032, p = 0.438), CHA 2 DS 2 -VASc (rho = 0.002, p = 0.938) or HAS-BLED (rho = 0.015, p = 0.610). There were no differences in SFMC levels in patients who suffered ischemic stroke or all-cause death; however, SFMC levels were significantly higher in patients who suffered a composite cardiovascular event ( The ROC curves confirmed that SFMC modestly predicted composite cardiovascular events (c-index = 0.55, 95% CI 0.53-0.58, p < 0.001), with a level of 12.01 μg/mL demonstrating the best combination of sensitivity and specificity. Thus, we established the cut-off value for Ba high level of SFMC^as >12 μg/mL. Fig. 1 ).
Multivariate Cox Regression Analyses and Predictive Performance
With regard to predictive ability, a high level of SFMC (i.e. >12 μg/mL) was a predictor of composite cardiovascular events, with a modest (but significant) c-index of 0.553 (95% CI 0.524-0.581, p < 0.001). Additionally, SFMC >12 μg/mL significantly predicted cardiovascular mortality (c-index: 0.581, 95% CI 0.553-0.609, p = 0.007) and all-cause mortality (cindex: 0.533, 95% CI 0.505-0.561, p = 0.006).
Improvement in Risk Stratification
Despite the lack of association between SFMC and ischemic stroke, we tested whether including SFMC >12 μg/mL in the CHA 2 DS 2 -VASc score would improve its predictive performance for ischemic stroke, cardiovascular events, cardiovascular mortality and all-cause mortality. Therefore, we added 1 point to the CHA 2 DS 2 -VASc score if the SFMC levels were higher than 12 μg/mL.
The SFMC-modified CHA 2 DS 2 -VASc showed a slight improvement in the c-index for all primary endpoints, which was significant for adverse cardiovascular events (0.645, 95% CI 0.618-0.672 vs. 0.660, 95% CI 0.632-0.686, p = 0.010) and cardiovascular mortality (0.661, 95% CI 0.634-0.688 vs. 0.691, 95% CI 0.664-0.717, p = 0.006; Table 4 , Fig. 2 ). Additionally, the sensitivity and reclassification of CHA 2 DS 2 -VASc after the addition of SFMC for these events was increased, as assessed by the IDI (0.013, p < 0.001 for adverse cardiovascular events; 0.009, p = 0.049 for cardiovascular mortality) and NRI (0.121, p < 0.001 for adverse cardiovascular events; 0.217, p < 0.001 for cardiovascular mortality; Table 4) .
Finally, the DCAs demonstrated that the original CHA 2 DS 2 -VASc score and the SFMC-modified CHA 2 DS 2 -VASc score were broadly similar for all events, thus demonstrating a similar net benefit and a non-significant improvement in clinical usefulness (Fig. 3) .
DISCUSSION
In this study of AF patients treated with VKA anticoagulants, we found that SFMC was significantly and independently associated with adverse cardiovascular events, cardiovascular mortality, and all-cause mortality. Moreover, the addition of SFMC to the CHA 2 DS 2 -VASc score significantly improved 20 For example, sub-studies of the AF pivotal clinical trials have investigated the role of myocardial injury biomarkers such as cardiac troponins or N-terminal fragment B-type natriuretic peptide (NT-proBNP) in the prediction of adverse events. [21] [22] [23] Nevertheless, the study of prothrombotic biomarkers in patients with AF, particularly those treated with oral anticoagulants or enrolled in clinical trials, is under debate, since these patients are carefully selected and followed up, whereas Breal-world^AF patients tend to be older, with associated comorbidities and polypharmacy. 24, 25 Indeed, the performance of biomarkerbased scores has been less useful in such real-world cohorts. 26, 27 The SFMC is produced by thrombin-mediated cleavage of fibrinogen in a hypercoagulable state, and thus could be considered as a pre-thrombotic marker. 13 This biomarker is significantly elevated during the initial phase of thrombotic diseases such as MI, 28, 29 but it has also demonstrated utility for the diagnosis of DVT, 30 and is a better indicator of DIC than the fibrin degradation product, D-dimer. 12 Recent European guidelines have proposed the use of biomarkers to aid in risk stratification in AF. 7 However, there are limited data on the prognostic use of SFMC as a biomarker of fibrin formation in AF. In a recent study investigating intracardiac hemostasis or fibrinolysis abnormalities in AF patients, the SFMC levels did not show significant changes compared with controls. 31 In another study in patients with AF taking warfarin therapy, elevated SFMC levels during anticoagulant treatment were not useful as predictors of thromboembolic events. 32 To our knowledge, this is the first large real-world study investigating the role of SFMC for risk stratification and prediction of adverse cardiovascular events and mortality in AF patients receiving VKA therapy. One of the strengths of the present study is the long, careful follow-up in an observational manner, with no loss to follow-up. Additionally, the fact Bold values are regarding to a p value of <0.05 which was accepted as statistically significant HR = hazard ratio; CI = confidence interval; TIA = transient ischemic attack; TE = thromboembolism that all patients who had not suffered acute cardiovascular disease in the previous 6 months were consecutively enrolled adds to the quality of our results. Nevertheless, despite the association of SFMC with cardiovascular events and mortality in AF, its addition to the CHA 2 DS 2 -VASc score did not improve clinical utility for the prediction of adverse cardiovascular events and cardiovascular mortality. Indeed, it remains unclear whether biomarkers may help refine risk assessment in AF, even when they show Bstatistical differences,^given that many studies are designed measuring baseline biomarkers and determining outcomes many years later, often in selected trial cohorts. In a recent study, we confirmed that von Willebrand factor (vWF) was associated with a significantly higher risk of cardiovascular events (including cardiovascular mortality), ischemic stroke and major bleeding. Even so, the inclusion of vWF in the CHA 2 DS 2 -VASc and HAS-BLED scores demonstrated clinical value similar to that of the original scores, 33 as was also seen in the present study. CHA 2 DS 2 -VASc is a risk score based on clinical risk factors and characterized by its simplicity. Thus, the addition of biomarkers (often multiple) could enhance its predictive value, but at a cost of additional expense and the loss of simplicity and practicality that are so necessary in everyday clinical practice.
Indeed, biomarkers are also subject to laboratory assay variability, and many are often not available in routine clinical laboratories. Therefore, the clinical usefulness and cost-effectiveness of routinely checking biomarkers in patients with AF must be investigated, given that the limited and questionable (and often marginal) improvement in risk stratification may not translate to an improvement in everyday decision-making for busy clinicians.
SFMC is a new biomarker that has not been extensively investigated in AF patients despite its clear relationship to thrombotic disorders. The present study has demonstrated that this biomarker was independently associated with higher risk of cardiovascular events, cardiovascular mortality and all-cause mortality in these patients. This is clinically relevant: while most studies investigating the complications of AF focus on the increased stroke risk associated with the disease, we now recognize that patients with AF are also at increased risk of non-stroke thrombotic events, such as ACS or heart failure. 8, 11, 34, 35 Prospective studies should be performed using real-world cohorts in order to validate our results and to clarify whether SFMC could differentiate cardiovascular risk (and not only stroke risk) assessment in AF. 
Limitations
This study has some limitations to note. First, it was performed in a single center and comprised a white population. Second, all patients were clinically stable at entry; thus unstable AF patients, who are at a higher risk of adverse events, were not included. We selected patients with good anticoagulation control during the previous 6 months after entry to ensure that the impact of the biomarkers was not related to poor anticoagulation control. However, the long follow-up period under standard care makes our Breal-world^population different from selected clinical trial cohorts where biomarkers have been investigated. In addition, our study was performed with patients taking VKA and not non-VKA oral anticoagulants (NOACs); thus our results cannot be translated to such a population. Our study was also performed in an outpatient anticoagulation clinic, where all patients seen were referred from other clinicians for initiation or management of anticoagulation. Therefore, we do not have data on patients not receiving anticoagulants. Indeed, most of our patients fulfilled the criteria for anticoagulation (i.e. CHA 2 DS 2 -VASc ≥2), and only 6% of our cohort had a CHA 2 DS 2 -VASc score of 0 or 1. Thus, we cannot perform analyses on patients not on anticoagulants or at very low stroke risk. Finally, the statistical analyses presented in this study were performed retrospectively, although our data set was collected in a prospective manner. Importantly, patients were carefully followed up, and all events (even very early ones) were recorded.
CONCLUSIONS
In AF patients treated with VKA anticoagulants, high SFMC levels were significantly associated with the risk of adverse cardiovascular events, cardiovascular mortality and all-cause mortality. The addition of SFMC to the CHA 2 DS 2 -VASc score improved its predictive performance for these adverse outcomes, but failed to show an improvement in clinical usefulness. 
